There have been many studies of the clinical features of giardiasis and the associated malabsorption (Veghelyi, 1940; Cortner, 1959; Court and Anderson, 1959; Ayres, 1960; Verri et al., 1965;  Burdzinska-Golowin, Lewandowska, and Misiukowa, 1967 ) but much less information on the jejunal mucosal pattern (Cameron et al., 1962; Cantor et al., 1967) . Electron microscopy was carried out on specimens taken from a mixed group of adult patients (Zamcheck et al., 1963; Yardley, Takano, and Hendrix, 1964; Takano and Yardley, 1965; Hoskins et al., 1967; Morecki and Parker, 1967; Brandborg et al., 1967) .
It is difficult to evaluate the pathogenetic role of Giardia lamblia infestation in children, because of its frequent association with other intestinal parasites or forms of malnutrition. The present Received 1 January 1970. study was therefore carried out with an asymptomatic and well-nourished group of children with a heavy infestation of G. lamblia but without other parasites. We examined absorption tests and the biochemistry, histochemistry, and light and electron microscopy of the jejunal mucosa in an attempt to elucidate the mechanism of malabsorption produced by the protozoa.
Material and Methods
The study was carried out on 11 asymptomatic children between the ages of 1 and 8 years, infested with G. lamblia, but presenting no evidence of malnutrition or any other form of parasitism. The following investigations were carried out before and after treatment: (1) stools were examined for parasites by conventional methods; (2) duodenal juice freshly prepared was examined directly for parasites; (3) D-xylose test was performed with a 5 g. oral dose and 5-hour urine collection. method (Frankel and Reitman, 1963) ; (4) lipiodol absorption test and urine iodine determination were carried out according to Jones and Di Sant'Agnese (1963) ; (5) peroral jejunal biopsies were performed with the paediatric Crosby and Kugler capsule (1957) , and two specimens were obtained from each child at each session.
The jejunal specimens were studied: (a) by light microscopy stained with haematoxylin and eosin and with Masson's modified method (Brandborg et al., 1967) ; (b) biochemically for alkaline and acid phosphatases by Greenstein's method (1942) , and for succinic dehydrogenase by Kun and Abood's method (1949) using a modified technique (Brito et al., 1967) ; (c) histochemically in 5 patients for alkaline phosphatase, acid phosphatase, and succinic dehydrogenase-according to Barka and Anderson (1963) ; (d) by electron microscopy in 6 patients who were studied before treatment.
Electron microscopy specimens were processed as follows: small parts of the specimen were fixed in I% osmium tetroxide, buffered in veronal acetate pH 7 4. After dehydration in an ascending series of ethyl alcohol, mucosal fragments were embedded in Araldite, cut on a Porter Blum ultra-microtome equipped with glass or diamond knives and mounted in copper grids. After double staining with uranyl-acetate and lead hydroxide, they were examined in a Zeiss EM9 electron microscope.
One jejunal biopsy specimen from a child presenting with genital malformation but with normal growth and no hormonal disturbances, was used as a control for the electron microscopy study.
All children were treated with oral metronidazole given Branching and gaps at the microvilli basis are also seen.
during two 10-day periods, with 10 days interval between them (250, 500, and 750 mg./day to 0-1, 2-4, and 5-8 year old children, respectively). Examinations for parasites were carried out simultaneously on the duodenal juice and on three successive daily samples of stools in order to check treatment efficacy.
Results
A high degree of G. lamblia infestation was confirmed by the presence of protozoa, identified by light and electron microscopy in all jejunal biopsy specimens. The parasites, which had been present in large numbers in duodenal juice and stools, disappeared in all 11 cases after metronidazole treatment. Lipiodol absorption tests (Table I) showed an abnormal urine iodine excretion before treatment in 9 of our 11 cases. From these 9 cases, tissue invasion by trophozoites. The number and appearance of the villi were, on the whole, normal or almost normal. Nevertheless the lamina propria was usually infiltrated by inflammatory cells, such as histiocytes, lymphocytes, plasma cells, and eosinophils. A variable degree of inflammatory change remained after treatment. Electron micrographs of jejunal mucosa showed in all preparations that a large number of parasites had their adhesive disk directed towards the epithelial cells, being close to them or directly applied on the mucoid coat of the microvilli (Fig.  1 to 5) . Parasitic flagellae were seen over this coat, never penetrating through it (Fig. 2) . When the parasite was attached to the epithelial cells, a clear space was present between the adhesive disk and the microvilli (Fig. 3) in contrast to the amorphous grey aspect material in the intestinal lumen covering the dorsal surface of the parasite. The ultrastructure of the jejunal epithelium showed the following dfferences from the control case: (a) thickening of the mucoid coat of the microvilli (Fig. 2) ; (b) microvilli branching and also gaps between their bases (Fig. 2-4) ; (c) an increased number of cytoplasm dense bodies, probably lysosomes (Fig. 4) ; (d) intercellular spaces in some areas infiltrated with the lamina propria inflammatory cells, mainly mononuclear ones (Fig. 5) . Discussion This study showed that symptom-free children infested with G. lamblia had changes in the jejunal mucosa and a mild degree of malabsorption, indicated by the lipiodol test which is a measure of fat absorption (Barbieri et al., 1968) . The total or partial return to normal of the results of the D-xylose and lipiodol tests is additional proof that the small intestine was damaged by G. lamblia in these cases. Thus, the children's healthy appearance obscured a certain degree of malabsorption.
Biochemical and histochemical studies of acid phosphatase, alkaline phosphatase, and succinic dehydrogenase did not show significant differences in the basic enzymatic activities of the jejunal epithelia, before and after treatment. This study suggests that the malabsorption of giardiasis may depend on mechanical blockade, thickening of mucoid coat, alterations in the microviUi, and cytoplasm of the epithelial cells, and inflammatory changes in the lamina propria. However, we believe that the main factors are mechanical blockade and/or nutritional competition by the parasite.
Mechanical blockade by G. lamblia, as mentioned by Veghelyi (1940) , can be supported by the tropism of the parasite toward the mucosal surface, and by the adherence of the very active trophozoites to the epithelial cells (Fig. 1-3) . In a one-dimension view ( Fig. 1 ) a parasite appears to be blocking three cells. Related to the blockade mechanism one must consider the curious clear space presented by the electron micrographs (Fig. 3) , where the amorphous gray material of the intestinal lumen, that surrounds the protozoon, is not seen. This suggests a hostparasite nutritional competition, in which uptake of nutrients by the parasite takes place on either the ventral or the dorsal trophozoite side. The last hypothesis can be supported by the presence of numerous vesicles, mostly located just below the parasite dorsal membrane. Though Friend (1966) considered these to be secretory organelles engaged in the coat formation of parasitic cysts, their function may also involve an intracellular digestive mechanism.
The role of an increased mucoid coat of the epithelial cells can be considered either as a cell defensive reaction (Ito, 1964) to avoid parasite invasion, or as an 'extraneous mucoid coat', as discussed by Johansen, Anderson, and Hadorn (1968) in a study of cystic fibrosis.
The branching and gaps in the microvilli, the increased numbers of cytoplasmic dense bodies, and the inflammatory process in the lamina propria (Fig. 2, 4 , and 5) may be non-specific effects of irritation of the mucosa by G. lamblia.
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